INTRODUCTION
On large streams and estuaries the conventional methods of measuring discharge by current meter are frequently impractical and involve costly and tedious procedures. There may be no suitable facilities at remote sites. Where suitable facilities do exist, they may be inundated or inaccessible during floods. At some sites, unsteady flow conditions require that measurements be made as rapidly as possible. Measurements on tide-affected rivers must not only be made rapidly, but often continually, throughout a tidal cycle. The moving-boat technique is a method of rapidly measuring the discharge of large streams. It requires no fixed facilities, and it lends itself to the use of alternate sites if conditions make this desirable. The moving-boat technique is similar to the conventional current-meter measurement in that both use the velocity-area approach in determining discharge. (See chapter 5.) In each method, a measurement is the summation of the products of the subsections of the stream cross section and their respective average velocities. Both techniques require that the following information be obtained: 1. Location of sampling verticals 1, 2, 3,. . JZ across the stream in reference to the distance from an initial point.
2. Stream depth, d, at each observation vertical. 3. Stream velocity, V, perpendicular to the cross section at each observation vertical. During a traverse of the boat across the stream, a sonic sounder records the profile of the cross section, and a continuously operating current meter senses the combined stream and boat velocities. A vertical vane alines itself in a direction parallel to the movement of water past it, and an angle indicator attached to the vane assembly indicates the angle between the direction of the vane and the true course of the boat. The data from these instruments provide the information necessary for computing the discharge for the cross section. Normally, data are collected at 30 to 40 observation points in the cross section for each run. Experience has shown that discharges determined by the moving-boat technique match, within 5 percent, discharges determined by conventional means.
The principal difference between the conventional measurement and the moving-boat measurement lies in the method of data collection. The standard current-meter method of measurement uses what might be called a static approach in its manner of sampling; that is, the data are collected at each observation point in the cross section while the observer is in a stationary position. This is in contrast to the dynamic approach to data collection utilized in the moving-boat method. Here, data are collected at each observation point while the observer is aboard a boat that is rapidly traversing the cross section.
THEORY OF THE MOVING-BOAT METHOD
The moving-boat measurement is made by traversing the stream along a preselected path that is normal to the streamflow. The traverse is made without stopping, and data are collected at intervals along the path. During a traverse of the cross section, the boat operator maintains course by "crabbing" into the direction of the flow sufficiently to remain on line ( fig. 103 ). The velocity, V,, of the boat with respect to the stream-bed along the selected cross-section path is the velocity at which the current meter is being pushed through the water by the boat. The force exerted on the current meter, then, is a combination of two forces acting simultaneously: one force resulting from the movement of the boat through the water along the crosssection path and the other a consequence of the natural streamflow normal to t.hat path.
The velocity measurement taken at each of the sampling points in the cross section is a vector quantity that represents the relative velocity of water past the vane and meter. This velocity, Vv, is the vector sum of V, the component of stream velocity normal to the cross section at the sampling point, and V,, the velocity of the boat with respect to the streambed along the selected path. The vector diagram in figure 104 depicts this relation.
The sampling data recorded at each observation point provide the necessary information to define V,. The pulses-per-second reading from the rate-indicator unit is used in conjunction with a rating table to obtain the vector magnitude, Vv, while the angle reading, (Y, representing the angle the vane makes with the cross-section path, defines the direction of the vector. Stream velocity, V, perpendicular to the boat path (true course) at each sampling point, 2, 3, 4, . . . (n. -l), can be determined from the relation V = Vv sin ff.
The solution of the above equation yields an answer which represents that component of the stream velocity that is perpendicular to the true course even though the direction of flow may not be perpendicular. This is the desired component.
From the same vector diagram, it can be seen that
where Lb is the distance that the boat has traveled along the true course between two consecutive observation points, provided the stream velocity is perpendicular to the path. Where the velocity is not perpendicular, an adjustment is required as explained on pages 207-208, where the adjustment of total width and area is discussed.
If one assumes that CY is approximately uniform over the relatively short distance that makes up any one increment, then (Y may be treated as a constant. Therefore, equation 18 becomes However, (19) (20) where L,, is the relative distance through the water between two consecutive observation points as represented by the output from the rate indicator and counter. Therefore, 
Finally, tl, stream depth at each observation point, is obtained by adding the transducer depth to the depth obtained from the sonicsounder chart. Upon determining V, Lb, and d for each vertical, the midsection method of computing a discharge measurement is used. Much of the accuracy of a moving-boat discharge measurement depends upon the skill of the boat operator in maintaining a true course. Although even the most experienced pilot cannot be expected to keep the boat absolutely on course for an entire run, it is still extremely important that the measurement begin and end on line and that any deviations from the true course be kept as few in number and as small in magnitude as possible.
If velocity readings are taken while the boat is moving off course in an upstream direction, those readings will be greater than the true velocities; if the readings happen to be taken when the movement is toward the downstream direction, then the sampled velocity readings will be less than the true velocities. Thus, if one assumes the equal likelihood of overregistering or underregistering the stream velocities because of deviations from the true course, the errors can be considered compensating in nature. However, to further insure the reliability of the measurement, it is recommended that the results of at least six individual runs, each with from 30 to 40 observation points, be averaged to obtain the discharge when steady-flow conditions exist, This is practicable because of the ease and speed with which the extra runs can be made.
For unsteady-flow conditions on tidal streams, it will usually be desirable not to average the results from a series of runs but rather to keep them separate so as to better define the discharge cycle.
EQUIPMENT

Specialized instrumentation
consisting of a sonic sounder, a vane with indicator, a special current meter with its associated electronic equipment, and an easily maneuverable small boat with some modifications, provide the capability needed for a moving-boat measurement.
VANE AND ANGLE INDICATOR
A vane with an indicating mechanism is mounted on the bow of the boat, with the vane centered approximately 3 to 4 ft (0.9 to 1.2 m) below the water surface ( fig. 105 ). This assembly consists of a vertical, stainless-steel shaft with a pointer connected to its upper end and a thin vertical-aluminum fin, I-ft (0.3 m) high and l?&ft (0.46m) long, attached to its lower end. The shaft is housed in an aluminum bearing tube and is mounted with ball bearings at the upper end and a teflon bearing (no lubrication needed) in the lower end of the tube so that the assembly (vane, shaft, pointer) is free to rotate as a unit. The vertical vane alines itself in a direction parallel to the movement of the water past it. The pointer is attached to the shaft so that it will be in line with the vane, pointing directly into the flow past the vane. The angle between the direction of the vane and the true course of the boat (the line of the cross section) is indicated on a dial by the pointer. The circular dial, calibrated in degrees on either side of an index point, swivels freely about the upper end of the vertical shaft, just below the pointer. A sighting device attached to the dial provides a means of alining the index point on the dial with the true course. In positive (downstream) streamflow the pointer above the dial will always point to the upstream side of the true course. Because the upstream side may be to the left or right side, depending on the direction in which the boat is traveling, and also because of possible negative velocities, the dial is calibrated in degrees (from 0 to 90) on both sides of its index point.
CURRENT METER
The current meter used by the U.S. Geological Survey is a component propeller type with a custom body made for mounting on the leading edge of the vane ( fig. 105 ). The component propeller is less susceptible than are other types of meters to vertical components of velocity and was chosen to minimize errors created by the bobbing of the boat.
A 24-toothed gear passing in the proximity of a magnetic field is used to generate 24 pulses per revolution of the propeller. The large number of pulses for each revolution facilitates the conversion of the pulse rate to an analog readout. An electronic pickup assembly registers these pulses and feeds them into a frequency-to-voltage converter, and they are then displayed as a reading on an electrical meter.
At one end of the meter cable is a metallic probe that is screwed into the meter body at the opening just behind the propeller nut ( fig.  106 ). The probe is a permanent magnet that provides the magnetic field necessary for pulse generation. To function properly, the probe tip must be positioned within a few thousandths of an inch of the 24-toothed gear located within the meter. Adjustment of the probe position, which is seldom required, should be done with care to prevent damage to the probe tip.
Before the meter is used, the cup within the hub of the currentmeter propeller should be filled with thin oil (Ott propeller oil) as shown in figure 106. The bearing assembly is then inserted into the hub, and the propeller nut is tightened. After the conclusion of a series of measurements, the cup should be emptied completely and cleaned before storage. 
RATE INDICATOR AND COUNTER
One of the principal functions of the rate indicator and counter is to register the pulses received from the current meter, feed them into a frequency-to-voltage converter, and then display them as a reading on its electrical meter ( fig. 107 ). These pulses are received through the current-meter cable which is plugged into the marked receptacle provided in the front panel of the unit. The current meter generating the pulses is calibrated so that the reading on the electrical meter in pulses per second can be converted to a particular velocity in feet per second through the use of a rating table (fig. 108 ). The value read from the electrical meter at any particular instant represents an instantaneous readout of velocity.
Two scale selections are available for the rate-indicator unit. If the switch is set at the "500" selection, the readout is taken from the lower scale of the panel meter; at the 1,000 setting, the upper scale is used. The 500 scale is the more sensitive of the two, and therefore its use is recommended during those measurements in which the velocity of the water past the meter is not great enough to give readings that exceed 500 pulses per second.
In addition to serving as a pulse-rate indicator from which velocity determinations can be made, this unit has also been designed to provide a method of automatically selecting measurement points in a section at regular intervals of travel distance. This design makes use of the fact that each revolution of the meter propeller generates 24 OFF FIGURE 107.-Control panel of rate indicator and counter.
evenly spaced pulses, and that from the calibration of the meter it can be determined that one' pulse is equal to some fraction of a foot of meter travel through the water, or of water travel past the meter. By using a set of frequency-dividing modules, provision is made for these pulses to be electronically counted to a preset number, at which time an audible signal is generated and the sounder chart is automatically marked. The counter then automatically resets itself, and the process is repeated. The purpose of the audible signal is to let the boat crew know when a sampling location is reached. At this point they will take an angle reading from the pointer and a readout from the electrical meter. The markings on the sounder chart are automatically triggered by an electrical impulse transmitted to the depth-sounder unit by a relay in the meter electronics. The relay cable from the counter to the sounder should be plugged into the appropriately marked receptacle on the front panel of both units. The markings on the sounder chart locate observation points in the cross section and thus show where depth readings should be taken.
Preset intervals that are available on each unit are as follows: The distances listed above are typical; exact ones depend upon the calibration of the particular current meter used. If possible, the pulse-selector switch should be set for a distance that will divide the measured width between the two floats into from 30 to 40 increments. For example, if the distance between floats is 500 ft (150 m), range 1 should be selected; for a distance of 1,000 ft (300 m), range 2 should be used, and so on. Each distance listed in the table above represents&, the relative distance through the water, and it will be somewhat larger than the corresponding Lb value, the distance along the true course that the boat has traveled. Lb is the distance one should use to determine the number of observation points that will be taken in a given cross section. However, the listed L, values can be used to estimate roughly the number of observation points-the estimated number will always be less than the actual number of observation points.
The rate indicator and counter has two internal power supply packs, each consisting of a set of nickel-cadmium rechargeable batteries. A battery test switch located on the front panel of the unit can be used to test the condition of either the 3.6-volt or the 12-volt power supply ( fig. 107 ). Testing should be done with both the main power and the marker switches off. A reading of the panel meter above the test switch will indicate the degree of charge. A needle deflection greater than the battery testline mark indicates a satisfactory charge level for most measurement requirements.
A fully charged battery pack will operate satisfactorily from 12 to 16 hr. A marginal reading, with needle deflection just to the test mark, indicates approximately 4 to 8 hr of useful battery operation remaining. A reading below the mark serves as a warning that a battery charge is needed.
BATTERY CHARGER
The battery charger serves as a dual unit for charging either one of the two battery supply packs located within the rate indicator and counter unit. Its charge plug is inserted into the charge receptacle located on the panel of the rate indicator and counter. The other plug should be connected to a ll&volt, 60-cycle line power supply. With proper care the batteries should provide many years of service.
SONIC SOUNDER
A portable sonic sounder ( fig. 109 ) is used to provide a continuous strip-chart record of the depth of the stream, that is, a profile of the cross section between the two floats. Its transducer releases bursts of ultrasonic energy at fixed intervals. The instrument measures the time required for these pulses of energy to travel to the streambed, to be reflected, and to return to the transducer. With a known propagation velocity of sound in water, the sounder computes and records the depth. Accuracy of the recording depth sounder is approximately +0.5 ft (0.15 m). The sounder used in this application is a commercially available model with a minor modification for automatically marking the chart at each observation point in response to an electrical pulse from the meter electronics. The sounder is powered by a standard lead-acid battery of 6 or 12 volts, depending on the model of the sounder.
One minor modification to the sonic sounder is the installation of a receptacle on its front panel into which is plugged the relay cable from the rate indicator and counter. The purpose of this relay connection is to transmit the electrical pulses from the counter unit that will automatically trigger the vertical-line markings on the sounder chart. This provision for automatically marking the sounder chart at regular intervals of distance traveled eliminates the need for the manually operated "mark" switch, except in the event that the relay cable is damaged or missing. Then, as an expedient measure, the chart is marked at each observation point by manually pulling the switch at each tone signal sounded by the counter unit.
Three paper-feed speeds are provided with the unit. The small lever in the lower left-hand corner of the recorder chassis is the control. markings that are set on the chart during the measurement. Spacing wider than that needlessly wastes chart paper, whereas much narrower spacing results in poor resolution of the streambed trace. Narrow spacing also causes difficulty in determining the fractional part of a full spacing that should be assigned to the final width increment. Width of spacing is dependent upon the range setting on the counter unit, the current-meter velocity, and the chart speed. Table 12 , computed for a current-meter velocity of 5 ftls (1.52m/s), provides an example of typical spacing distances expected for various combinations of chart speed and range distance.
BOAT
Any easily maneuverable small boat that is sufficiently stable for the stream on which it is to be used is adequate for a moving-boat measurement.
A photograph of a boat with the vane assembly mounted is shown in figure 110 .
Preparation of the boat.-A 12x 12x?&in steel plate should be so attached that it is centered on the bow of the boat, perpendicular to the centerline of the boat, and as nearly vertical as possible. This plate must be securely anchored because at high velocities great force will be exerted on it. It may be necessary, depending on the style of boat being used, to erect handrails on the forward part of the boat, similar to those shown in figure 105. This is done for the safety of the angle reader who must stand in the bow.
Mounting of the equipme&.-The 12x12-in aluminum plate on the vane assembly is attached to the 12x 12-in steel plate on the bow of the boat. It is necessary to clamp these two plates together and drill four holes for accepting bolts to permanently fasten the plates together. The general location of the bolt holes should be near the four corners, but exact placement is not critical.
The two cap screws in the depth adjustment clamp that hold the aluminum bearing tube of the assembly ( fig. 111 ) can be loosened so Pwot pll c r: that the tube may be either raised or lowered in order to position the meter at the desired depth. This depth should preferably be at least 3 ft (0.91 m) to avoid the effect of surface disturbances and not greater than 4 ft (1.22 m) to avoid the danger of too great a torque being exerted at high velocities. Caution should be exercised to avoid high boat speeds, for the drag on the vane assembly is proportional to the square of the velocity of the water past the vane and therefore increases very rapidly with speed. The sonic-sounder transducer is mounted on a support arm at a depth of either 2 or 3 ft (0.61 or 0.91m). It can be positioned by first loosening the two cap screws that secure the support arm to the aluminum bearing tube of the vane assembly and then moving the arm either up or down to the desired depth.
Because the vane assembly is mounted perpendicular to the centerline of the boat, it will change slightly from its original vertical position as a result of the raising of the bow of the boat during the moving-boat measurement. To offset this change and thus allow for vertical positioning of the assembly during normal boat operation, the mounting assembly provides for a compensating angle adjustment to be accomplished through the use of two adjusting bolts and a pivot plate ( fig. 111) . By screwing these bolts either inward or outward, the lower portion of the assembly can be pivoted toward or away from the boat. If the adjusting bolts are touching the aluminum plate when the assembly is in a vertical position, they must be screwed away from the plate so that the lower portion of the assembly can then be pivoted toward the boat and secured in position by use of two clamping bolts. The degree of adjustment would depend upon the operating velocity of the boat during the measurement.
Removal of the equipment.-After the measurements are completed, the vane assembly can be removed while leaving the aluminum plate bolted to the steel plate on the bow of the boat. This is accomplished by first loosening the wing nuts on the two clamping bolts of the plate and then removing the clip and sliding out the pivot pin that secures the assembly to the aluminum plate ( fig. 111 ). Prior to doing this, the meter and the transducer cables should be disconnected from the rate indicator and the sonic sounder, respectively.
MEASUREMENT PROCEDURES
Procedures for a moving-boat measurement include selection and preparation of a suitable measuring site, preparation and assembly of the equipment used for the measurement, and a selection of settings for the instruments used to collect the data.
SELECTION AND PREPARATION OF THE MEASUREMENT SITE
Some preparation is required at the site prior to starting a series of moving-boat measurements. First, a path for the boat to travel is selected, it being as nearly perpendicular to the flow direction as possible. Then, two clearly visible range markers are placed on each bank in line with this path. The color of these markers should contrast sharply with the background. Spacing between the markers is dependent upon the length of the path, the longer paths requiring greater spacing. Approximately 100 ft (30 m) of spacing is needed for each 1,000 ft (300 m) of path length. Next, anchored floats are placed in the stream 40 to 50 ft (12 to 15 m) from each shore along the selected path ( fig. 103 ). In making a traverse, this distance is needed for maneuvering the boat when entering or leaving the path. The floats should be placed so that the depth of water in their vicinity is always greater than 3 to 4 ft (0.9 to 1.2 m), which is vane depth. Large plastic bleach containers are suitable for use as floats; Styrofoam cubes can also be used. It is preferable not to place the floats directly in the boat path but rather 10 to 20 ft (3 to 6 m) upstream. Their purpose is to mark the beginning and ending points of the boat measurement, and by offsetting them upstream they can serve that purpose without being in the way as the boat approaches along the selected path. Finally, the width of the stream is measured by triangulation, stadia, or other methods, and the exact locations of the floats are determined. Because the floats are close to the bank, a tape measure can be used to determine the distance from edge of water to each float. These distances should be recorded in the spaces provided on the front page of the discharge-measurement notes, for they will be used in the computation of the measurement.
If a station is to serve as a site for moving-boat discharge measurements on a continuing basis, it will probably be desirable to construct permanent range markers. Such markers would serve two useful purposes. First, determination of stream width would become a relatively simple procedure because of the availability of the constant distance between the markers once this distance has been established. A tape measure could be used to obtain the horizontal distance from the nearest marker to the water's edge on each bank. Subtracting these two distances from the established distance between the two streamward markers would provide the width of the stream. A second advantage would be that if the need arose, the markers could serve as permanent initial points from which cross-section profiles of the measurement section could be constructed.
PREPARATION OF THE EQUIPMENT
The special equipment and instruments necessary for a movingboat measurement have been described in some detail on pages 187-197 under the general heading "Equipment."
The purpose of this section of the manual is to summarize, for the convenience of the boat crew, the steps involved in the assembly of the equipment and in the selection of the instrument settings.
ASSEblBLY OF -l-HE EQUIPh4F.N-I'
The steps listed below should be followed in assembling the equipment:
1. Permanently mount a steel plate to the bow of the boat (p. 195) and then attach the aluminum plate of the vane assembly to it (p. 197). Both of these steps are "one time" operations that should be completed in advance of the trip. 2. Several days prior to the trip, check the batteries in the rateindicator and counter unit and the storage battery for the sonic sounder to see that they are adequately charged. This will provide time to charge the batteries, if necessary, before the start of the trip. 3. Attach the sonic-sounder transducer to its support arm on the vane assembly ( fig. 105 ). 4. Attach the current meter to the leading edge of the vane ( fig.  105 ). 5. Use the pivot pin and clip and the two clamping bolts of the aluminum plate to secure the vane assembly to the plate ( fig.  111 ). 6. Position the current meter at the desired depth (3 to 4 ft). This is done by loosening the two cap screws in the depth adjustment clamp and then raising or lowering the aluminum bearing tube to the proper position before retightening the screws. Measure the meter depth and record it in the measurement notes once positioning is completed. 7. Route the current-meter cable up the vane assembly and plug it into the marked receptacle on the rate indicator and counter unit. To prevent entanglement, the cable should be taped to the aluminum bearing tube in several places. It is necessary to provide some slack in the cable at its lower end to allow for the movement of the meter as the vane rotates during the measurement. 8. Position the sonic-sounder transducer at a depth of 2 or 3 ft. This is accomplished by first loosening the two cap screws that secure the support arm to the aluminum tube and then sliding the arm either up or down the tube to the proper position before tightening the screws. Measure the transducer depth and record it in the measurement notes at this time. 9. Route the transducer cable up the vane assembly, securing it by tape to the aluminum bearing tube; feed it through the hole provided near the hinge of the sonic-sounder case; and then plug it into the marked receptacle at the back of the dividing plate. 10. Insert the battery cable of the sonic sounder into the marked receptacle at the back of the dividing plate of the unit. It can be fed through one of the holes provided near the hinge. A standard 6-or 12-volt storage battery, depending on the sonicsounder model used, should be used as a power supply (p. 193). 11. Plug the relay cable from the counter unit to the sonic sounder into the marked receptacle on the front of each unit. 12. Use the two adjusting screws ( fig. 111) to provide for the compensating angle adjustment of the vane assembly as described on page 197.
SELECTION OF THE INSTKUbfENT SETTINGS
The notekeeper is responsible for the functioning of the rate indicator and counter and the recording depth sounder. To assure proper operation of the equipment, it is necessary that he make several preliminary instrument settings for each unit prior to the measurement. The following is a list of the steps involved in obtaining these settings: Sonic sounder:
1. Check to see that the pulleys turn smoothly and that the stylus enters the track easily.
2. Set the operation switch to "stand by" position. 3. Turn on the unit by rotating the "record" switch clockwise to some low-numbered position and wait a few minutes for the tubes to warm up.
4. Set the depth-range selection at phase 1 (O-60 ft) and advance the gain control to obtain the "zero mark" near the top of the sounder chart.
5. Set the "zero mark" on the zero line of the recorder paper through use of the zero adjustment screw located behind the top pulley.
6. Continue to advance the gain until the "echo mark" appears somewhere below the "zero mark." If no echo appears when the gain is opened, switch the range control to the next phase (60-120 ft) and so on until the bottom is found.
7. Determine the optimum chart speed through use of table 12; then use the small lever in the lower left-hand corner of the recorder chassis to make this selection.
8. Change the operating switch from "stand by" to "normal" position several minutes before the measurement begins. This will start the chart recording and provide an opportunity for a final check of instrument operation before the measurement begins. Rate indicator and counter:
1. Select the desired scale for the rate-indicator meter located on the panel.
2. Check both battery packs with the battery test switch. This final check will have been preceded by a test several days before the measurement date in order to provide time to charge the batteries if needed (p. 199).
3. Set the rate-indicator switch to "on" position. 4. Set the marker switch to "on" position. (The actual marking will not begin until the "start" button is depressed.)
5. Select a range setting that will provide between 30 to 40 observation points. Because of the scale settings available, this may not always be possible, in which case choose that comprise setting that will come closest to meeting this provision.
After all the control settings are completed, the instruments are ready for use. The "start" and "stop" buttons on the panel of the counter unit are used to begin and end instrument operation at the precise moments the bow of the boat reaches the first and second floats, respectively. The operation of these button controls in regard to the starting and stopping procedure is described in the section of the manual that immediately follows.
FUNCTION OF THE CREW MEMBERS
Three crew members are necessary for making a moving-boat discharge measurement.
They include a boat operator, an angle observer, and a notekeeper. Before crew members begin making discharge measurements by the moving-boat method, it is important that they develop a high degree of proficiency in all phases of the technique. This can be done by making practice measurements at a site where the discharge is known and then comparing the movingboat discharge with the rated discharge. If there is no suitable site available for that purpose, the boat crew should make a series of moving-boat measurements at a single location and compare results for repeatability.
BOAT OPERATOR
Before the measurement begins, the boat operator should become thoroughly familiar with the sampling site. In tidal streams the operator should be familiar with conditions during all phases of the tidal cycle. This will help him avoid running the boat aground in shallow depths and damaging the submerged equipment. While man-euvering the boat, it is necessary to avoid sudden sharp turns that might result in damage to the meter cable by causing it to be wrapped around the vane assembly.
The operator should select an approach path for the boat that will allow it to be properly maneuvered into position prior to passing the first float. The path should begin from a downstream position as close to the riverbank A s depth considerations permit. From such a starting point the boat can be accelerated to near its normal operating speed and the turn into the measuring section can be completed before the measurement begins. By attaining both the proper speed and alinement prior to reaching the float, the instrument readings will have time to stabilize before the initial sample is taken.
During a traverse the only function of the boat operator is to pilot the boat. He maintains course by "crabbing" into the direction of flow sufficiently to remain on line throughout the run. As varying stream velocities are encountered in the cross section, he should rely more upon steering adjustments to keep the proper alinement than upon acceleration or deceleration of the boat. Alinement is determined by sighting on the shore which is being approached. Much of the accuracy of the measurement depends on the skill of the boat operator in maintaining a true course with the boat. Because the stream velocity is calculated as a sine function of angle alpha ( fig. 104 , eq. 17), small angles should be avoided whenever possible. It is desirable to maintain angle alpha at approximately 45". The reason for this is that an error of several degrees in reading angle alpha would be more significant at. small angle readings than the same error at larger angle readings. In order to maintain an angle of 45", the velocity of the boat must be equal to that of the stream. This can be done if the stream velocity is greater than 2.5 ftls (0.75 m/s); however, control of the boat is difficult to maintain below that velocity. For example, in tidal streams the stream velocity will often vary from 0 to several feet per second; therefore, it is not always possible to maintain an angle as large as 45", and the measurement must be made using smaller angles.
ANGLE OBSEKVEK
A second man alines the dial of the vane indicator through its sighting device and, upon receiving the audible signal from the pulse counter, he reads the angle formed by the vane with respect to the true course. He reports the angle to the notekeeper who then records it. If the boat has strayed from the true path, the angle reader should sight parallel to the cross-section markers rather than at the markers themselves.
NOTEKEEPER
The notekeeper has several functions to perform. Prior to the measurement it is his responsibility to see that the preparation of all equipment pertaining to the rate indicator and counter and to the sonic sounder is completed satisfactorily.
That includes not only equipment assembly but also selection of appropriate instrument settings.
The accuracy of the sonic sounder varies with changes in the velocity of sound in water, which in turn varies slightly with temperature, dissolved solids, and other variables. Thus sounder output should be compared to a known depth. Any significant error detected in the comparison can be expressed as a percentage of the known depth, and this percentage would be applicable to all depths determined by the sonic sounder. Consequently, this percentage correction should be applied to the total area and total discharge.
A check to determine that the current meter and rate indicator are functioning properly is also desirable. Such a check can be made by comparing the indicated velocity to a velocity determined by the Price current meter. This test is intended to determine proper operation only and is not intended for calibration purposes.
It is the notekeeper's responsibility to operate the controls provided on the equipment for starting and stopping the counter. It is important to the accuracy of the measurement that this unit promptly begin and end its operation at the first and second floats, respectively. This is accomplished by operating the "start" and "stop" buttons on the panel of the counter in the following manner:
1. Approximately 1 s before the boat reaches the first float, the "start" button is depressed; then it is released at the moment of passing. This marks the sounder chart, resets the counter, and starts it.
Marking of the sounder chart and sounding of the beeper (tone signal) will be automatic during the measurement. This will occur at regular intervals as determined by the setting of the range switch on the panel of the counter unit.
2. At the moment the bow of the boat reaches the second float, the ('stop" button is depressed for 1 s and then released. This marks the sounder chart, signifying the end of the measurement, and stops the counter.
During the measurement the notekeeper records the angle reading at each signal as it is called out by the angle reader. He also reads and records the instantaneous "velocity" from the rate indicator meter at the same time. Readings are taken at all observation points as defined by the tone signals, including the two float positions.
If the time between consecutive measurements is short, it is desira-ble to leave the operating switch of the sonic sounder in the "normal" position until the measurement series is concluded. In this way the chart continues to advance between measurements, but there are no vertical line markings. This absence of vertical lines provides a gap on the chart that clearly sets off one measurement from another.
COMPUTATION OF THE DISCHARGE MEASUREMENT COMPUTATION OF UNADJUSTED DISCHARGE
The method of computing discharge measured by the moving-boat technique is basically similar to the computation method used for conventional current-meter discharge measurements.
(See P. 80-82). The discharge in a subsection, y, is the product of the subsection area of the stream cross section and the average velocity in the subsection. The midsection method of computation is used in which it is assumed that the average velocity at the observation vertical is the average velocity for a rectangular subsection. The rectangular subsection extends laterally from half the distance from the preceding observation vertical to half the distance to the following observation vertical and extends vertically from the water surface to the sounded depth ( fig. 112 ). The summation of the discharges of the subsections, 41, 42, 43, * . . q,,, is the total unadjusted discharge of the stream. A step-by-step outline of the computation procedure, which refers to the sample measurement notes shown in figure 113 , is given here as a guide to the hydrographer who computes the discharge from the field observations. 2. Each value in column 2 represents an incremental distance the boat has traveled along the cross-section path between two consecutive observation points. For example, CX,~ (col. 1) represents the angle reading at location x, and L,,,r (col. 2) is the incremental distance the boat has traveled along the true course, extending from the previous observation point, x -1, to the location x where the reading was taken.
The values in column 2 can be read directly from a table ( fig. 108 ) by using the angle values recorded in column 1 and the range number as determined by the range selection on the counter unit. Two exceptions are the first and last values in the column, representing the distance to each float from its nearest edge of water. They are deter-mined by direct measurement prior to the actual run. This is necessary because the actual boat run does not begin and end at the edgeof-water positions and thus is not set up to measure those distances. Therefore, the beginning angle reading, (Ye, at the first float is not used for obtaining distance from the edge of water to that float. It should also be noted that L!,:, is always recorded as one-half of the value found in the table. This is necessary because the counter unit has been programed to signal at a "half-count" on its first count routine. All remaining values can be recorded directly from the table of LI, values, without any changes, with the possible exception of the one determined from the last angle reading which was made at the second float. This angle reading may or may not have been made at -FIGURE llZ.--Definition sketch of midsection method of computation superimposed on a facsimile of a sonic-sounder chart. the end of a full count by the counter unit. In the sample measurement the value recorded was three-fourths of that in the table because the sounder chart distance between the last two vertical markings was approximately three-fourths of the normal spacing. 3. Each value recorded in column 3 represents the distance from the initial point (marker) to the observation point where the data were collected. The data in column 2, together with the "distance to float" and the "distance to marker" values recorded on the front sheet of the discharge measurement notes ( fig. 113 ) are used to obtain these cumulative distances. For a moving-boat measurement, these distances are defined as follows:
b, = distance from initial point ( 4. Each of the incremental widths in column 4 represents the distance that extends laterally from half the distance from the preceding meter location (x-l), to half the distance to the next, (x+1). These values are obtained by using the distances in column 3.
5. Each of the values in column 5 represents the stream depth at a sampling point in the cross section. These values are obtained by adding the transducer depth to each of the depth readings recorded on the sounder chart at the sampling locations.
6. The data in column 6 are the pulses-per-second readings recorded by the notekeeper during the measurement.
7. The values recorded in column 7 represent the instantaneous velocity of the water past the vane at each observation point. They are read directly from the meter-rating table ( fig. 108 ), using the pulses-per-second values of column 6.
8. The data in column 8 are the sine function values of the angle readings in column 1. These values may be obtained from the sine table in figure 108 , using the angle readings of the first column.
9. Each of the values in column 9 represents the stream velocity normal to the cross section at that particular sampling point.. To obtain these values, it is necessary to multiply each I',* value in column 7 by the corresponding sin CY value in column 8.
10. The values in column 10 represent the individual subsection areas for the measurement. They are obtained by multiplying the widths of column 4 by their corresponding depths in column 5. The incremental areas are then summed to provide the total unadjusted area for the measurement.
11. Each quantity in column 11 represents the unadjusted discharge through one of the subsections of the discharge measurement. These values are summed to provide the total unadjusted discharge of the measurement.
12. This column is used for recording any descriptive remarks pertaining to the measurement. This equation is based on the assumption that a right-triangle relationship exists among the velocity vectors involved. If the flow is not normal to the cross section, that assumed situation does not exist and the use of the equation can result in a computed width that is too large or too small ( fig. 1141 , depending on whether the vector quantity representing the oblique flow has a horizontal component that is opposed to, or in the direction of, that of the boat path. Thus in figure  114 the computed width would be AB' of the right triangle AB 'C rather than the true width AB of oblique triangle ABC. In this case the computed width is too large, whereas the computed width DE' of right triangle DE% is less than the actual width DE of oblique triangle DEF.
Ideally the correction for error in the computed width would be applied to that particular increment in the cross section where the error occurred. However, in practice only the overall width is directly measured, and thus only the total width is available for comparison with the computed quantities. Therefore, if the sum of the computed incremental widths does not equal the total measured width of the cross section, it is assumed that each increment requires a proportionate adjustment.
The moving-boat method uses the relation between the measured and computed widths of the cross section to determine a width/area adjustment factor. To obtain that coefficient, the measured width of the cross section is divided by its computed width, that is where k, = width/area adjustment factor, B,,, = measured width of cross section, and B, = computed width of cross section. The coefficient (k,) is then used to adjust both total area and total discharge of the measurement, on the basis of the previously mentioned assumption that the error in width is evenly distributed, on a percentage basis, across each width increment of the cross section.
The computation notes in figure 113 provide an example of the application of a width/area adjustment coefficient.
ADJUSTMENT OF MEAN VELOCITY AND TOTAL DISCHARGE
During a moving-boat discharge measurement, the current meter is set at a predetermined fixed depth of from 3 to 4 ft (0.9 to 1.2 m) below the water surface. In other words, this technique uses the subsurface method of measuring velocity. (See page 136.) The measurement is computed by using constant-depth subsurface velocity observations without adjustment coefficients, as though each observed velocity were a mean in the vertical. In adjusting the computed discharge, each measured velocity should ideally be multiplied by a coefficient to adjust it to the mean velocity in its vertical. However, it is assumed that in the larger streams where the moving-boat teehnique would be applicable, these coefficients would be fairly uniform across a section, thus permitting the application of an average velocity coefficient to the total discharge. Information obtained from several vertical-veolocity curves, well distributed across the measurement section, would be needed to determine a representative velocity coefficient for the total cross section.
DETERMINATION
OF VERTIC4L-VELOCITY ADJUSTMENT FACTOR are constructed by plotting observed velocities against depth. The vertical-velocity curve method calls for a series of velocity observations (by conventional methods) at points well distributed between the water surface and the streambed. Normally these points are chosen at O.l-depth increments between 0.1 and 0.9 of the depth. Observation should also be made at least 0.5 ft (O.l.5 m) from the water surface and 0.5 ft (0.15 m) from the streambed; for this particular application, a velocity reading should be made at the moving-boat sampling depth of from 3 to 4 ft (0.9 to 1.2 m) below the water surface. Once the velocity curve has been constructed; the mean velocity for the vertical can be-obtained by measuring the area between the curve and the ordinate axis with a planimeter, or by other means, and then dividing this area by the length of the ordinate axis.
To obtain a velocity-correction coefficient at location x in the cross section, the mean velocity in the vertical is divided by the observed velocity at the measured depth, that is, where kv = vertical-velocity adjustment factor, 7 = mean velocity in the vertical, and V = observed velocity (3-or 4-ft depth).
To arrive at a representative average coefficient, coefficients should be determined at several strategically located verticals that are representative of the main portion of the streamflow. Once an average coefficient has been determined, it should not be necessary to redetermine it each time when making future discharge measurements at the same site. However, it would be necessary to test its validity at several widely varying stages and, in estuaries, at widely different parts of the tidal cycle.
Investigations on the Mississippi River at both Vicksburg and St. Louis, on the Hudson River at Poughkeepsie, and on the Delaware River at Delaware Memorial Bridge all indicated coefficients that lie in the narrow range of 0.90 to 0.92 for adjusting the subsurface velocity to the mean velocity. Carter and Anderson (1963) Application of the vertical-velocity adjustment factor is made immediately after the width-area adjustment has been applied to the computed discharge. In other words, after the computed discharge has been multiplied by the width-area adjustment factor, the resulting product is multiplied by the vertical-velocity adjustment factor. The final product is the adjusted, or "true," discharge for the measurement. (See fig. 113.) 
